Introduction
The status and relationships of the nominal species Nocomis leptocephalus (Girard) and N. bellicus Girard have received little study since they were described (1856:213). They were included in the synonymy of Hybopsis kentuckiensis (Rafinesque) for many years until Hubbs (1926) resurrected N. leptocephalus. Subsequent listings by Lachner (1946) , Moore (1968) , and Bailey et al. (I960) have recognized the two forms, but with little clarification of their morphological differences. Preliminary studies indicated the existence of an abundant, wide-ranging Piedmont species complex whose range extended from the Potomac River drainage southward to the Savannah River drainage and westward to tributaries of the Mississippi River. First inspection of the data suggested that the several river populations might be interrelated under one species, with characters which formed a cline from the northeast to the south and southwest portion of the range. Analysis of many specimens, however, particularly the adult males, revealed characteristic abrupt breaks in character values between certain adjacent populations, and that three highly diverged populations were actually involved. The objectives of this paper are to describe the morphological components of the species complex of N. leptocephalus, including a new subspecies, to discuss the interrelationships of the several populations and to discuss the distribution, zoogeography, and evolution of the species complex.
Ack now ledgmen ts
Hundreds of individuals have contributed to this study by their collecting efforts in amassing over 1,300 collections and over 20,000 specimens from southeastern United States. To these individuals, we offer our great appreciation. Other individuals have provided field observations, museum records, have loaned collections, or made available specimens and facilities to the writers. We are especially grateful for this cooperation, and we express our thanks to the following individuals for their special efforts; Joe Bailey, Duke University (DU); Reeve M. Bailey and Robert Rush Miller, Museum of Zoology, University of Michigan(UMMZ); Herbert Boschung, University of Alabama (UAIC); J. H. Elrod, Auburn University (API); Harry Freeman, The methods used in counting meristic characters and measuring structures and body proportions were similar to those discussed by Lachner and Jenkins (1971) . All references to body length are to standard length (SL) in millimeters, unless stated otherwise. The preliminary data of various morphometric characters as well as meristic characters were segregated by size, sex, and river system. The initial tabular data for each character were taken from samples of from ten to twenty specimens when available, and the samples were selected over the range of a population within a river system insofar as possible. When preliminary analysis of the data revealed no major divergence within or among certain river populations, collation was by river drainage or by subspecies.
The cephalic tubercle counts were easily made, almost always without the use of any great magnification, because the developed tubercles, spots, buds, or scars are very large, comparatively few in number, and are readily discernible. There is no difficulty in obtaining accurate counts, unlike the problem in counting the smaller, numerous tubercles of members of the Nocomis micropogon group. The areas of the head referred to in tubercle distribution and location are given designations similar to those presented by Lachner and Jenkins (1971) , such as: transverse anterior internasal line (AIN); posterior internasal (PIN); anterior interorbital (AIO); mid-interorbital (MIO); posterior interorbital (PIO); anterior occipital (AOC); mid-occipital (MOC); and posterior occipital (POC). The posterior development of tubercles was recorded as the line nearest the most posterior tubercle (or tubercles). The supraorbital tubercles were not considered in the above designations since they have a comparatively similar development in all three forms, and are independent of the progressive development of the principal head tubercles with increase in body length.
The distribution and number of head tubercles are the two main characters involved in the separation of the subspecies of N. leptocephalus. These two characters were also of primary importance in the differentiation of the species of the micropogon group. A detailed discussion of tuberculation in Nocomis is presented by Lachner and Jenkins (1971) . The total number of head tubercles for N. I. leptocephalus in the northern part of its range is summarized by size groups in Table I . Because significant differentiation in the number of head tubercles occurred in each of the two southern river populations of N. I. leptocephalus (Pee Dee and Santee), these are summarized separately by size groups in Tables 2 and 3 . No notable differences were observed in total number of head tubercles for the new subspecies in the Savannah, Altamaha, and Chattahoochee (Apalachicola) river drainages, and the data in Table 4 were combined and summarized by size groups; the same was done in Table 5 for similar tubercle data for N. I. bellicus from the Alabama River westward to tributaries of the Mississippi River. The allometric relationship of increase in tubercle number with increase in body size for these five diverged populations is shown in Figure 1 . The curves were drawn to best fit the means of the body-length groups. The data for these curves are based on a sample of 2, 467 specimens, including 196 N. I. bellicus; 663 N. I. interocularis; and 843 Santee, 160 Pee Dee, and 605 northern specimens of N. I. leptocephalus.
The total number of cephalic tubercles of specimens ranging in size from juveniles to adults and segregated by subspecies, intergrades, and major river drainages is summarized in Table 6 . This summary shows the difficulty in identifying juvenile specimens, particularly those involving the subspecies N. 1. leptocephalus and N. I. interocularis. Because of the allometric growth relationship of the number of tubercles with body length, specimens 90 mm SL and larger are compared by subspecies, intergrades, and river drainages in Table 7 . Most specimens of the bluehead chub are mature at about 90 to 100 mm, and at this size the full complement of tubercles is present in all populations except for N. I. leptocephalus in the SanteePee Dee drainages (see Figure 1) . Figure 2 shows the mean (Av.), range, standard deviation (SD), and the mean ± two standard errors for the total number of tubercles in the five populations. The values are illustrated for two size groups, 70 to 79 mm SL and all specimens 90 mm SL or greater. The statistical data for this graph are given in Table 11 . The differences are much less in the smaller size group, and only the adult or subadult specimens are of practical systematic importance in this problem.
In order to demonstrate the sharp breaks in tubercle numbers among the three subspecies, the southern drainage populations of N. I. leptocephalus are compared with N. I. interocularis and N. I. bellicus in specimens greater than 65 mm, but excluding the supraorbital tubercles (Table 8) . Supraorbital tubercles vary somewhat by subspecies, averaging notably fewer in N. I. bellicus.
Frequency distributions comparing the occurrence of tubercles posteriorly on the head, segregated by subspecies and river drainages, are given in Table 9 . The relationship between body length and the extent of posterior development of head Tables 1 through 5. tubercles is summarized by size groups for the Santee River drainage in Table 10 . Vertebral numbers, pharyngeal dentition counts, and circumferential and lateral-line scale numbers are compared by subspecies and by various drainages in Table 12 , 13, and 14.
Because of the large number of specimens examined and identified, only the river drainage and the museum catalog number are given in the "Appendix: Specimens Studied" (pages 34-35) for N. I. leptocephalus and N. I. bellicus. "Appendix: Specimens Studied" (pages 30-34) for N. I. interocularis includes the collections for each river system grouped by state and county. Also given are museum catalog number, date of collection, number of specimens (in parentheses), tributary, and locality. Type material is designated only from the Savannah River drainage. Collection data pertaining to the intergrades are listed separately on page 35. The taxonomic rank that we propose for these populations is influenced by the magnitude of the two major character breaks as well as the intermediate nature of the Edisto population. We recognize three highly diverged subspecies: N. I. leptocephalus; N. I. interocularis, new subspecies; and N. I. bellicus . The Edisto population is considered to be an intergrade of N. I. interocularis X N. 1. leptocephalus. All nuptial males of N. I. bellicus are distinct from N. I. interocularis. Only a few nuptial specimens of the latter form show overlap with the typical form; however, since the distinguishing characters are so greatly influenced by allometric growth, it is practically impossible to demonstrate this divergence when attempting to identify a few specimens. The "polytypic species" concept associates evolution with differentiation of these forms. The exact status of N. leptocephalus will remain in doubt until we have experimental data. The reproductive behavior involves elaborate nest construction and requires a comparatively spacious reproductive area, thus indoor breeding and rearing studies may be impossible. Since we now have a great amount of information on reproduction, reproductive ecology, breeding behavior, and hybridization in N. leptocephalus (as well as most of the other species of Nocomis), it would be more feasible to conduct breeding experiments in selected, small natural streams. It would be interesting and easy to place together stocks of the two most divergent forms, N. /. bellicus and N. I. leptocephalus.
A comparison of the major characters of the three subspecies is given in Table 15 . lower). The increased tuberculation of these populations is not spread uniformly over the head, but occurs in the internasal-interocular area. The occipital tuberculation is less crowded, having only a few tubercles more than the same area in specimens of the northern population. Some tubercles occasionally appear just anterior to the nares in the Pee Dee River population.
Nocomis leptocephalus interocularis
Supernumerary nape tubercles. Small spots and, rarely, small buds occur on the nape just before the scaled area; usually a pair is present (Figure 3 , bottom), but sometimes there is only one. They occur most often in N. I. interocularis (Savannah River, 5 specimens; Altamaha, 1 specimen) and the Santee population (6 specimens) of N. I. leptocephalus. Only one specimen in over 9,000 of the northern population of N. I. leptocephalus examined had such spots; none were observed in N. I. bellicus. These spots may be the remnants of a once fuller and more extensive tuberculation in the precursors of the present N. leptocephalus. We have not seen similar spots in other species of Nocomis where they could be easily observed, as in the micropogon group.
Rate of increase of tubercles. The general increase in tubercle numbers with increase in body length for five populations of N. leptocephalus is illustrated graphically in Figure 1 Table 4 ; N. I. bellicus, Table 5 ; the northern race of N. I. leptocephalus in Table 1 ; and the Pee Dee-Santee race in Tables 2 and 3 .
Number of tubercles. The total number of cephalic tubercles is a primary character in the separation of the three subspecies. N. I. interocularis is the intermediate form, averaging about 8 in the adult-subadult specimens, ranging from about 7 to 9 in 95 percent of the study material and never exceeding 14; N. I. bellicus averages about 5, with 4 to 6 in 95 percent of the study sample, and the maximum number does not exceed 7; N. I. leptocephalus averages 17 or more in the races, ranging from 16 to 25, and the maximum number was 33. The comparative uniformity in the total number of tubercles present in N. I. interocularis and N. I. bellicus by river drainages is shown in Tables 6, 7 , and 8. The higher maximum numbers in the Pee Dee-Santee race compared to the northern race of N. I. leptocephalus is also shown in these Tables. The three subspecies show a significant differentiation in the total tubercle count at the 70 to 79 mm size group and more so at 90 mm and over (see Figure 2 and Table 11 ). The differences in the means of the Pee Dee and Santee populations may be due to the small Pee Dee sample and, also, that the lower values of the Congaree and Saluda rivers, Santee drainage, were lumped with the CatawbaBroad rivers specimens ( Table 6 ). The data in Table 8 show the high number of tubercles in the internasal-posterior internasal area for the Santee and Pee Dee drainages compared with the lower values for N. 1. interocularis and N. I. bellicus. The crowding is somewhat greater in the Catawba River, Santee drainage, than in the Pee Dee drainage, and more so in the Catawba than the BroadCongaree-Saluda rivers.
The largest N. I. interocularis females were in the 140 to 149 mm and 150 to 159 mm size groups and these three specimens had an average tubercle complement of eight. Some specimens, much smaller than these, in the 70 to 79 mm and 80 to 89 mm groups had more tubercle spots (Table 4) . There is considerable variation in tubercle numbers within size groups, the greatest occurring among the juvenile sizes (Tables 1 to 5 ). Both sexes showed this variation. There were only small tubercle differences between the sexes in most size groups among the three subspecies, the males aver-aging slightly higher numbers. Greater tubercle differences occurred between the sexes in the Santee population (Table 3) . The males in all subspecies attain the larger size, as shown in Tables 1  to 5 . This is also true for all other species of Nocomis.
Occurrence of head tubercles. The progressive development of tubercles posteriorly on the head is shown in Table 10 for N. I. leptocephalus from the Santee River drainage. While the general trend is an increase in posterior occurrence of tubercles with an increase in body size, specimens of both sexes in the juvenile or subadult size group of 70 to 79 mm have the definitive tubercle distribution in the posterior occipital area. All drainage populations of N. I. leptocephalus over 60 mm (Table 9) have the majority of specimens with tubercles (buds or spots) already present in the mid-occipital or post-occipital areas. The occurrence of head tubercles in particular areas is one of the best characters for separation of the subspecies (Tables  9 and 15 ). All nuptial males of the three subspecies can be distinguished by this character, no overlap in tubercle distribution occurring. Specific rank for these populations was not accorded because of the intergrading Edisto population. Table 9 shows that a small juvenile of N. I. leptocephalus just showing tubercle spots has a tubercle pattern similar to an adult N. I. bellicus. Tubercle distribution, as in tubercle numbers, is comparatively homogeneous within each subspecies. The evolution of the tuberculation has resulted in major character breaks in which three highly differentiated subspecies can be recognized.
Nuptial crests. A discussion of the nuptial crests in Nocomis is given by Lachner and Jenkins (1971) . The three subspecies of N. leptocephalus appear to develop different sized crests (Table 15) ; N. I. inter ocular is (Plate 2) has a crest intermediate in size between the smaller one of N. I. bellicus (Plate 7) and the larger one of N. I. leptocephalus (Plate 3). We lack sufficient comparative material to accurately determine this possible differential development.
Vertebral Numbers. The total number of vertebrae ranged from 38 to 41 in the three subspecies (Table 12) Dentition. The number of pharyngeal teeth in all three subspecies (Table 13 ) is almost always 4-4 (83 specimens); five specimens had 4-3 or 3-4; three had 3-3 ;and one had 2-4. Most of the tooth reduction occurred in N. I. leptocephalus. (See Lachner and Jenkins, 1971 , for discussion of evolutionary significance of tooth reduction in Nocomis).
Squamation. Initial studies suggested possible scale differences among the three subspecies. When samples were increased and selected from many localities within and among river drainages, the results showed only small differences which were of no use in identifying subspecies. Mainly, the mode shifted among the drainages involving one or sometimes two scales in the circumferential count and less in the lateral-line scale count. The difference in the circumferential count is a reflection of the degree of crowding of the belly scales. Lateralline and circumferential scale counts are summarized in Table 14 . In N. I. interocularis the Chattahoochee drainage specimens have somewhat lower values than those of the Savannah-Altamaha, and they are very similar to counts for N. I. bellicus. The scale counts for N. I. leptocephalus were summarized chiefly from data used by Lachner and Jenkins (1971) in comparing scale differences in the four central Appalachian species of Nocomis.
Intestine. The whorled intestine characteristic of N. I. leptocephalus (for description and illustration, see Lachner and Jenkins 1971) does not hold up as a systematic character, mainly in N. I. interocularis of the Chattahoochee River drainage. A highly or moderately whorled intestine is almost always found in N. leptocephalus over its range. A slightly whorled intestine is sometimes found in specimens from the Cape Fear, Saluda, and Broad rivers. The typical whorled condition is also found in the Savannah and Altamaha specimens of N. I. interocularis and over the range of N. I. bellicus, except for one collection. Over 200 specimens of N. I. interocularis in eight collections from the Chattahoochee River had straight intestines; other specimens from these and other collections in the Chattahoochee had whorled intestines. The straight intestine condition resembles that of the micropogon group. The specimens are normal otherwise. One specimen of N. I. bellicus from a tributary of the Tallapoosa River, Alabama drainage, had a straight intestine. We associate no systematic trend to the occurrence of the straight intestine among these collections. It is a primitive condition in Nocomis, and the Chattahoochee specimens may represent merely reversions. (Table  7) had 16 tubercles, a value higher than the mean (8) and maximum number (14) for N. I. interocularis but lower than the mean (17 in northern race, 18 in Santee, 23 in Pee Dee) and much lower than the maximum number (33) in N. I. leptocephalus. Further, intermediacy in tubercle numbers of the Edisto population compared with the above two subspecies is shown in a summary of all material that could be counted (Table 6 ), and in specimens over 65 mm SL, excluding the supraorbital tubercles, in Table 8 . The intermediacy of the occurrence of tubercles posteriorly on the head in juveniles and adults (specimens over 60 mm SL) of the Edisto population is compared with the above two subspecies in Table 9 The adult and subadult specimens from the Edisto drainage are insufficient to compare this population more precisely with the adjacent populations. The above comparisons of three characters show intermediate values for the Edisto population that are not found among the three drainages (Savannah, Altamaha, and Chattahoochee) in which N. I. interocularis occurs nor in drainages from the Santee northward inhabited by JV. /. leptocephalus. We presume that the Edisto population has received N. leptocephalus stocks from both north and south, after these two stocks had diverged into N. I. leptocephalus and N. I. interocularis. Thus, the last entry of a N. leptocephalus stock into the Edisto was probably comparatively recent.
Nocomis leptocephalus leptocephalus (Girard)
PLATES
Coloration
The general coloration of N. I. leptocephalus is discussed and compared with the other species of Nocomis inhabiting the central Appalachian area by Lachner and Jenkins (1971). Also described are two different primary color forms of N. I. leptocephalus among the living nuptial males. A form with a brassy orange-olive coloration on the body laterally and sometimes forming a stripe occurs in the northern race from the Cape Fear drainage northward. Another form with a bluish body occurs in the Pee Dee-Santee drainages.
The blue form also occurs in N. I. interocularis of the Savannah River drainage. Following is a description of a prenuptial male, 187 mm SL, collected on 15 May 1966 in Mill Creek, a tributary of Lake Toxaway, Savannah River drainage (USNM 200757) . This coloration is characteristic of the Savannah drainage population. The specimen was captured with three females from beneath a cut bank near a nest. Its nuchal crest was not fully developed and the head tubercles were normally distributed, but were not enlarged as in some males. The nuchal crest was brown, the rest of the head slate-blue; eye, yellow-brown; opercular membrane, dark gray; dorsum of the body, brown with a few golden highlights on the postdorsal area; posterior margins of the scales dorsally on the sides above the lateral line, black; lateral band, diffuse, a greenish gray or olivaceous color; belly, bluish white; dorsal fin, slate-blue base with dark gray rays, the posterior having a yellow tinge, and the fin membrane, smoky; pectoral fins, smoky yellow, the rays grayish with the first ray darker; pelvics and anal fins, yellow with a gray cast; caudal fin, a burnt orange, the median rays darkest. A large gravid female in the same collection had the nuchal area and dorsum, brown, with a faint, light, predorsal stripe; lateral band, black with a narrow, diffuse, light brown stripe above and extended anteriorly and prominently onto the postocular area with a faint bar continuing to below the nostrils; opercular membrane, dark gray; body below the lateral band, yellowish; belly, white; dorsal and caudal fins, rust-orange; the other fins, a brownish yellow.
The following coloration was recorded from a living tuberculate, prenuptial male, 144 mm SL, captured in Amy's Creek, Habersham County, Georgia, Chattahoochee River drainage, on 2 April 1970 by Lachner and Wiley: dorsal fin, light pinkish orange, melanophores along base of dorsal fin; caudal fin, olive-orange, lighter near the base with melanophores along basal portion of rays; pectoral fin, deep pink-orange; pelvic fin, deep pink-orange with some white on first ray; anal fin, pink-orange, the outer edge lighter; iris, red; body above lateral line grayish with slight bronze; ventral part of head, light reddish; dorsal part of head, slightly tan to pale olive; belly white to milky. The head tubercles were moderately developed, but the head was only slightly swollen. A gravid female, 119 mm SL, captured with the above male, had the same general color pattern in life except that the fins were very light, showing only traces of color, and the body was pale.
Other color data on adult N. I. interocularis are from a color slide of a male, 164 mm SL, collected by E. C. Raney in the Chattahoochee River drainage, Georgia. This tuberculate, prenuptial male had light orange fins, the rays of the dorsal and caudal having a darker burnt orange color. Good comparative color data of nuptial males from the Altamaha drainage are not available.
Observations by the authors and others indicate that the breeding coloration of N. I. bellicus in the Alabama River system of the Mobile Bay drainage, Alabama, is essentially the same as the northern color form of N. I. leptocephalus, e.g., with the blue head and the lateral orange stripe anteriorly on the body changing to yellow caudally. A color description of a large, prenuptial male N. I. belliens with large tubercles, was recorded from a fresh specimen captured on 16 March 1957 in the Alabama River system, Elmore County, Alabama, by R. D. Suttkus (RDS 2592). The sides of the head were bluish gray; head, dorsally, and entire nape posteriorly to origin of dorsal fin and down on the sides to lateral line, very brassy orange; rest of back and upper sides, bright olive; iris, bright orange-red; caudal fin, olive; leading edge of anal and pelvics, milky; remainder of anal, pelvics and pectorals, olive; dark bar on cleithrum immediately behind opercle. Smaller specimens in same collection have bright orange caudal fin, orangy dorsal fin, and bright orange iris.
A color description of a tuberculate postnuptial male, captured over a nest on 1 July 1965 by R. D. Suttkus (RDS 3717) in the Alabama River system, Clarke County, was recorded in the field as follows: head below lower margin of tubercles, below eye, and below top of opercular opening, pale blue; top of head, golden brown; iris, bright red-orange; back and upper sides, brown with golden olive overlay; center of scales, golden, especially anteriorly on body and more yellow posteriorly on body; predorsal stripe, golden and broad, one scale row in width; postdorsal stripe tapering posteriorly and more yellowish than predorsal stripe; lower sides of body and belly, pale; pectoral fin, yellowish, the anterior one fourth bright yellow, the color pronounced on anterior rays; pelvic fins, yellowish, more so on anterior rays; dorsal fin, mostly olive, the base bluish, and some yellow on leading edge; caudal fin mostly yellowish olive; and anal fin, yellowish anteriorly, with branching areas of rays also yellowish as in pelvic fins.
A subadult N. I. bellicus, 107 mm SL, and a young specimen, 36 mm SL, taken by H. T. Boschung in a tributary of the Cahaba River system, Bibb County, 22 August 1967 (UAIC 2629-1), preserved in 10 percent formalin and ional solution, still retained lifelike colors in January 1968 (H. T. Boschung, personal communication). The larger specimen was colored as follows: body dorsally, dark olive above lateral line, and light olive from lateral line to about two scale rows below; lower body, light to pale; head, dark olive dorsally, light olive laterally, and light blue ventrally; body with no evident lateral band; dorsal fin, bright orange with some olive near base; caudal fin, bright orange; pectoral fins, light olive; pelvic fins, very light olive, with light posterior margins; and anal fin, light olive, with touches of orange along middle portion of rays, and the outer margin, light. The young specimen had the body light brown to dusky above the pronounced dark lateral band and light to dusky below the lateral band; dorsal fin, light orange, the outer margin light to slightly dusky; caudal fin, medium orange, the outer rays light to slightly dusky; and pectorals, pelvics, and anal fins, light to only slightly dusky.
Throughout its range, N. leptocephalus is commonly observed to have variable amounts of orange or reddish coloration in the dorsal and caudal fins (and, frequently, in the other fins) in young, juvenile, subadult male and female, and mature female stages.
There is great difficulty in evaluating color differences (aside from those associated with individual variations and populational differences), because of the gradual color changes related to growth and maturity. Also, among the nuptial males, the changes occur throughout the reproductive season and "peak" colors develop immediately at the time of spawning. The characteristic coloration of the nuptial males compared to that of nonnuptial males and all females is discussed by Lachner and Jenkins (1971) . The elaborately developed nuptial coloration common to Nocomis biguttatus, N. effusus, N. micropogon, N. raneyi, and N. platyrhynchus is found in N. leptocephalus, except that the problem of interpreting the systematic significance of the coloration is compounded in the latter species by the presence of two basically different nuptial color patterns. The blue body form of N. I. leptocephalus of the Pee Dee and Santee river drainages is trenchantly different from the brassy reddish colored northern race of N. I. leptocephalus (in all drainages northward from the Cape Fear). These two color forms within N. I. leptocephalus correlate with the tubercle differences noted above, i.e., the northern race has fewer tubercles and is brassy reddish while the southern race has more tubercles and is blue. A similar blue color form appears to be typical for N. I. interocularis. We are not certain if the nuptial males of the Altamaha drainage develop the blue coloration typical of N. I. interocu laris of the Savannah drainage. The orange-olive color form reappears in the Alabama drainage and westward in N. I. bellicus. In this subspecies, the nuptial males appear to have brighter orange-red colors in the fins than the northern race of N. I. leptocephalus. Most significant is the fact that great differentiation in nuptial coloration has occurred within N. I. leptocephalus, and probably N. I. interocularis and N. I. bellicus are also completely different in nuptial coloration.
Geographic Distribution and Ecology
The extensive distribution of N. leptocephalus along the Atlantic and Gulf Coast drainages is shown in Figure 4 . Collections of the three subspecies and the Edisto intergrades are individually plotted and their distributions are shown in respect to the fall line and the Appalachian Divide. The distribution of N. I. leptocephalus is discussed by Lachner and Jenkins (1971) in detail where the northern race occurs sympatrically with three other (Figure 4) , are apparently prevented from entry into the Coosa River system by the falls at the Fall Line (SmithVaniz, 1968:124, 130) .
The southwestern subspecies, N. I. bellicus, finding suitable habitat below the fall line, occurs from the Alabama River system westward to certain tributaries flowing into the Mississippi River from the east. It also is common in a restricted area of the Tennessee drainage, where B. R. Wall, Jr., (personal communication) has obtained collections in more than twenty localities of the Bear Creek system (indicated in Figure 4 by one plot mark). Smith-Vaniz (1968:124) cites headwater stream capture in the area involving the Tennessee and the Tombigbee rivers systems and lists four species other than A r . /. bellicus that also made entry into the Tennessee River from the Tombigbee River system. The presence of A T . wicropogon as well as many other species, in the Coosawatee system, Coosa-AIabama drainage, is probably the result of a stream capture with the Hiwassee system of the Tennessee drainage.
The ecology of N. leptocephalus is reviewed by Lachner and Jenkins (1971) . Over its large range, the bluehead chub is one of the most abundant species, preferring small stream habitats of about 10 to 50 feet in width and avoiding the larger streams and rivers as well as the extreme headwaters. Clear streams of gravel-rubble bottom composition, particularly current-swept areas, are preferred and necessary for these gravel-mound nestbuilding chubs (Plate 8). Slack waters are avoided, although the species thrives and is abundant in typical Piedmont streams where lower gradients, sandy bottoms, shifting sands, and some turbidity are characteristic of the habitat, but in these areas some gravel-rubble riffles also occur. The rarity of the bluehead chub along the middle-Atlantic Coastal Plain is probably related to the general absence of riffles or exposed gravel and rubble; however, these ecological conditions also prevail below the fall line of the southern Gulf Coastal area. The widespread distribution of the chub is undoubtedly related to its ability to survive Piedmont and certain Coastal Plain conditions. It probably was able to enter new drainages by way of the mouths of adjacent streams during intermittent periods of sea-level recessions, as well as to enter new drainages by stream capture, because of its ability to survive in relatively small, headwater streams.
Evolution and Dispersal
Lachner and Jenkins (1971) present a detailed account of routes of dispersal in the central Appalachian area.
The enlargement and loss of tubercles probably represents an advanced condition in Nocomis. The adaptive significance of large, stout, nuptial tubercles is not known. They would serve as effective weapons in agonistic behavior but nuptial males of N. leptocephalus, unlike some other species of Nocomis that have smaller, more numerous tubercles on the head, have not been observed to engage in either prolonged or violent fighting or both during the nest-building activities of reproduction. It may be that the large, easily visible tubercles serve as recognition signals to the female (or they may have some other behavioral significance).
The evolution of the leptocephalus complex is not clear with respect to existing data on morphology and distribution. This species complex, although distinct from the micropogon and biguttatus groups, is most closely related to a N. micropogon stock; however, its evolution and dispersal cannot be related to that of the micropogon group. The basic N. leptocephalus stock became isolated on the present Atlantic-Gulf slope probably during the Teays Period. It appears most likely that a N. leptocephalus stock existed, at first, in the upper Santee-Pee Dee drainage area. This stock could have evolved from a N. platyrhynchus type from the Old Teays River (now the upper New River). The high numbers of tubercles, their crowding in the forepart of the head before the eyes, and their occurrence from the internasal to the occipital area are characters of N. I. leptocephalus of the SanteePee Dee that are also common to N. platyrhynchus. This southern N. I. leptocephalus stock found dispersal routes to the northeast on the Atlantic slope and westward on the gulf slope at different times and rates via stream capture and by the confluence of fresh waters at the mouths of rivers during Pleistocene sea-level fluctuations.
The westward extension of the N. leptocephalus stock ended abruptly at the Mississippi River. It is not known to occur farther westward. Following the dispersal and establishment of N. leptocephalus stock on the gulf slope, a considerable period of isolation of the Savannah-Chattahoochee stock from that of the Alabama and more western rivers must have been necessary in order for the divergence of N. 1. bellicus from N. I. interocularis to have reached the present level of differentiation. The distribution of N. I. bellicus could have been variously effected during geological times, but its morphological homogeneity suggests considerable gene exchange among the several drainages it now occupies or a recent entrance into the western areas via the upper Mobile drainage.
The old escarpment of the Coosa at about the fall line prevented its entrance into this system. Its limited distribution in the Tennessee River in northern Alabama is a well-documented, recent stream capture involving several Mobile drainage forms. The speciation of other fishes on the gulf slope was reviewed by Smith-Vaniz (1968) .
The homogeneity of the characters of A r . /. interocularis suggests a past history in the SavannahChattahoochee area similar in time to that of N. I. bellicus, mentioned above. The recent entrance of N. micropogon into the upper Savannah via the Tennessee River is also discussed under geographic distribution.
The northward dispersal of N. leptocephalus stock from the Santee-Pee Dee area must have occurred during at least two major periods of exchange. The early dispersal of this multituberculate, blue-bodied form could have been northward to the Roanoke-James drainages, and subsequent isolation could have permitted divergence of the northern race toward reduced tuberculation and a brassy orange coloration. The more recent entry of the northern race of N. I. leptocephalus across the Appalachian Divide into the New River system and its capture in the James, Rappahannock, and Potomac drainages are discussed by Lachner and Jenkins (1971) .
The intermediate (5) -
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